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Like m any  o th e r  fam o u s tex tb o o k s, th e  p resen t v o lu m e  h as 
ris roots in  th e  u n iv e rs ity  c la s s ro o m s Ju lian  S ch w in g e r 
taught q u a n tu m  m e c h a n ic s  a t H a n 'a rd  U n iv ers ity  in  th e  5()‘s . 
and aga in  at U C L A  in  th e  m id  80 's. T h is  b ook  is  p rim a rily  
based on th e  U C L A  lec tu re  no tes , w h ich  w ere  co m p iled  an d  
o ri 'am /cd  a f te r  S c h w in g e r 's  d ea th  by h is  co llab o ra to r, 
B ertho ld-G eorg  E n g le r t A s m en tio n ed  in  th e  p re face  by th e  
cditoi. th e  ex p e rie n c e s  o f  th e  a u th o r  a t H aix 'ard  an d  th e  
innovations he m ad e  th e re  in  th e  p re se n ta tio n  o f  th e  sub ject 
mailer, lia i'c  been  in c o rp o ra te d  a n d  fu lly  in te g ra te d  in th is
ICM
Tlic S ch w in g e r  lec tu res  w ere  a im e d  a t s tu d en ts  a lread y  
i-sposcd to  b a s ic  u n d e rg ra d u a te  level q u a n tu m  m ech a n ics  
and to som e ex ten t fam ilia r  w ith  th e  so lu tio n  o f  e le m e n ta iy  
u a \e  m ech a n ica l p ro b lem s. T h u s , th e  le c tu re s  d irec tly  de lve  
deeper in to  th e  p o w erfu l fo rm a l s tm e tu re  o f  q u an tu m  
m echanics a n d  its p h y sica l im p lic a tio n s  to  covci m ore  
ad \an ccd  g ro u n d s .
In th e  b e g in n in g , th e  e d ito r  has ad d ed  a n  im p o rtan t 
m aterial in  th e  fo rm  o f  a  p ro lo g u e , b ased  o n  a p u b lic  lec tu re  
b\ S ch w in g er in  th e  ea rly  60 's . H ere , th e  co n cep tu a l b a s is  
of q u an tu m  m e c h a n ic s  h a s  b een  p re se n te d  in  a  co n c ise  b u t 
very c o m p reh en s iv e  w ay . T h is  is  o n e  o f  th e  b e s t tre a tm e n ts  
of the p h ilo so p h y  o f  q u a n tu m  m ech a n ic s , w h ich  1 h av e  com e 
across. T h is  a r t ic le , I b e liev e , w o u ld  b e  access ib le  to  a  w ide  
range o f  a u d ie n c e , a n d  n o t on ly  to  th o se  w h o  m ig h t b e  
m tcrcstcd  in  th e  co u rse  m a te r ia l a s  su ch . S ta r tin g  w ith  th e  
causal b u t n o n -d e te rm in is tic  n a tu re  o f  q u a n tu m  th eo iy , 
Schw inger g o es  o n  to  d iscu ss  th e  p e c u lia r i tie s  inv o lv ed  in  
ciiumium m e a su re m e n t, a n d  s tre sse s  how  they  im p ly  a
d e c is^ 'e  b reak  w ith  th e  concep t o f  c lassica l m easu rem en ts . 
T h e  | t a te  fu n c tio n s p ro v id e  a fram ew ork  on ly  w ith in  w h ich  
q u a iw m  m ctisurcm cnts an d  tlicir outcom es can  be in tcrjirc tcd , 
T h iS |position  ex p la in s  th e  cho ice  o f  th e  sub title  'S ym bolism  
o f  a to m ic  m easu rem en ts '. In th is  co n tex t, B oh r's  P rin c ip le  o f  
C o m p lem en ta rity  em erges as the  sta tem en t abou t a new 
w orld  111 te rm s o f  tw o c lassica l an a lo g ies , m u tua lly  exclusive  
a n d  ap p licab le  in  d ifferen t c ircum stances. In  th e  final part 
o f  th e  a rtic le , S ch w in g er d iscusses th e  co llap se  o f  an o th e r 
p h ilo so p h ic a l b a s is  o f  c la s s ic a l p h y s ic s , th a t  o f  th e  
d istinguishability  o f  pm liclcs. T he m ultipartic le  state functions 
em b ed d in g  th is  concep t o f  in d is tiiig u ish ab ility  m ust be  
th o u g h t o f  as vec to rs  in  an  abstrac t space  an d  the  /.cro- 
p a rtic lc  s ta te  func tion  becom es a pcrl'ectly leg itim a te  vacuum  
sta te  In the  m a th em atica l schem e, c rea tio n  an d  a n n ih ila tio n  
o p e ra to rs  en te r as rea l physicttl objects. W e have, th ro u g h  
th ese  op era to rs , th e  concep t o fq u a i i l i /c d  fie ld , un ify in g  an d  
tran scen d in g  th e  co iitrad ic to iy  c lassica l co ncep ts  o f  th e  
d isc re ten ess  o f  p a rtic le s  a n d  co n tin u ity  o f  a field . In  th e  end , 
S ch w in g er sum m tirizes the  still on g o in g  ph ilosophiG il debate  
ab o u t th e  poss ib le  ex is ten ce  o f  a level o f rea lity  w h ere  
p a rtic le s  and  th e ir  in te rac tio n s  m ig h t be u n d ers to o d  in  te rm s 
o f  th in g s  th a t a rc  not d irec tly  observab le  (as  th e  u n d e rly in g  
q u an tiz ed  fie ld s  arc).
T h e  d eve lopm en t o f  th e  q u an tu m  m ech an ica l fo rm a lism  
in  th e  m a in  body o f  the  book fo llow s th e  co n cep tu a l 
tra jec to ry  o f  th is  lecture . It is d iv ided  in to  th ree  p a rts  
co rre sp o n d in g  to  th e  th re e  te a c h in g  q u a rte rs  th ro u g h  w h ich  
th e  course con tinued . T lie th ree  p a rts  have  the  titles  'Q u an tu m  
k in em a tic s ', 'Q u an tu m  d y n am ics ' a n d  'In te ra c tin g  p a rtic le s ' 
respective ly .
In  th e  f irs t p a rt, th e  b a s ic  p ro p e r tie s  o f  q u a n tu m  
m easu rem en ts  a re  in tro d u ced  th ro u g h  th e  an a ly s is  o f  the  
re su lts  o f  a  S te rn -G e rlach  type  ex p erim en t. W e m ay  recall 
th a t in  th e  6 0 's . a n o th e r  g re a t th eo re tic a l p h y sic is t, and . 
in c id en ta lly , o n e  o f  th e  co -fo u p d crs  o f  Q E D , R ic h a rd  
F ey n m an , in  h is  lec tu res , u sed  th e  sam e  e x p e rim e n t to  
in tro d u ce  th e  q u a n tu m  co n cep ts  o f  p ro b ab ility  a m p litu d es ,
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th e ir  su p e rp o sitio n  and  the inev itab le  d is tu rbance  o f  stale due 
to  m easu rem en t in general. H ow ever, as m en tioned  earlier, 
th is  cou rse  qu ick ly  m oves to  m ore advanced  topics. The 
co ncep t o f  unitarity  and un ita iy  transform ations are introduced 
th rough  the tw o valued  m agnetic  m om ent o f  the Stern- 
G erlach  experim en ts, and then generalized  to Linilar> operators 
w ith  m ore  than  tw o  base states. T he transition  to  the 
con tin u u m  lim it is show n, and  in th is lim it, H eisenberg ’s 
co m m uta tion  re la tion  ib llow s from  the p ropertie s o f  unitary 
o p e ra to rs .  L ink  w ith  S c h rb d in g e r ’s w av e  m e c h a n ic a l 
fo rm u la tion  is e.stablished by converting  the vecto r equations 
o f  the un ita ry  tran sfo rm ation  to  num erica l form  in the 
co -o rd in a te  basis T he estab lishm en t o f  the con tinuum  lim it 
a lso  leads to  the  in troduction  o f  the w ave functions in the 
q  and  p  sp aces  th rough  standard  routes. T he p ropertie s o f  
th e  basis  s la tes  o f  the q  rep resen ta tion , the c'^function, 
a re  deriv ed  in g rea t de ta il, and the m inim um  uncertain ty  
s ta te s  are  o b ta in ed  in s tandard  fashion. An in teresting  
resu lt, d e riv ed  at th is  po in t, d em onstra tes  that the states for 
w h ich  th e  un ce rta in ty  is n e ith e r a m axim um  nor a m inim um  
bu t s ta tionary , b e lo n g s to  the com ple te  set o f  H erm ilc- 
G auss w ave functions. A lso , coheren t states are  in troduced  
a t th is po in t as e ig en sta te s  o f  a non-H erm itian  operator. 
T h ey  are  a lso  m in im al u n certa in ty  sta les w ith a w ell- 
defined  c lassica l lim it in w hich  the relative d ispersion  o f  
th e  p h a se  sp a c e  v o lu m e  a p p ro a c h e s  ze ro . T h e  th ird  
ch ap te r o f  the first p art trea ts  the a lgeb ra  o f  angu lar 
m om entum  in dep th , fh e  last ch ap te r o f  th is part starts 
w ith  the in v arian ce  o f  a physica l .system under ro ta tions, 
tran sla tio n s and  tim e di.splacem cnt. T he  conservation  laws 
a ris in g  fi‘om  these  invariances y ield  d ie  non-re la tiv is tic  
H am ilton ian .
P art B, c o rre sp o n d in g  to  the second  quarter, is concerned  
w ith  quan tum  d ynam ics, /.e ., the  beh av io u r and  evo lu tion  o f  
quan tum  sys tem s in various rea listic  situa tions. T he starting  
po in t o f  these investigations is the derivation  o f  the I leisenberg  
an d  S ch rb d in g er's  eq u a tio n s o f  m otion  from  the unitary  
t r a n s f o r m a t io n  c o r r e s p o n d in g  to  in f in i te s im a l  tim e  
d isp lacem en t. T he  Q uan tum  A ction  P rincip le  fo llow s from  
th e se  eq u a tio n s. T he  rest o f  the book  can be considered  to  
be  v a rio u s a p p lic a tio n s  o f  this A ction  P rin c ip le  to  in 
so lv in g  p hysica l p rob lem s. T he dynam ical p ropertie s  o f  the 
quan ta! free p a rtic le , the  h arm on ic  o sc illa to r and  the p artic le  
in a co n stan t fo rce  fie ld  have been  so lved , w ith ind ication  
o f  th e  m athem atica l de ta ils  in the  derivations- T he o th e r 
in s truc tive  ap p lic a tio n s  o f  th e  A ction  P rinc ip le  d iscussed  in 
co n sid e rab le  d e ta il in p art B are  the  driven  harm on ic  
o sc illa to r and  the  h yd rogen  a tom  in ex ternal e lec tric  and 
m agnetic  fields.
T he final part (P art C ) starts  w ith  the  two-particle 
C ou lom b p rob lem  (sca tte rin g  and  pertu rb a tio n  o f  the two- 
partic le  system ), w hich , in a  sense, is a  con tinua tion  o f  the 
trea tm en t o f  the dynam ics o f  the H a tom  in the prev ious pan 
H ow ever, R u therfo rd  sca tte rin g  and  its m od ifica tion  due to 
the p resence  o f  add itiona l sh o rt range fo rces a re  a lso  treated 
and the im plication  o f  quan ta l ind istinguishability ' has been 
in troduced  th rough  sca tte ring  fo rm alism  in th e  usual way. 
T he trea tm en t o f  system s w ith  m any iden tica l particles 
follow , lead ing  to  the co n cep t o f  m any p a rtic le  states, the 
dynam ics o f  c rea tion  and ann ih ila tion  op e ra to rs , and  operator 
fields, pav ing  the w ay for an  e legan t in troduc tion  to the 
basics o f  nonrclaii vi.stic Q L D  by app lica tion  o f  these methods. 
But befo re  go ing  to the e lec tro m ag n etic  field , a  chap te r has 
been  devo ted  to illustrate  som e o f  the consequences of 
ind istingu ishab ility  th rough  a d e ta iled  trea tm en t o f  the 
I la r tre e -fo ck  form alism  and the 'fh o m a s  Ferm i m odel of 
a tom ic structure . T he T hom as-F erm i m odel has been  shown 
to be an app rox im ate  and  scm iclassica l v ers io n  o f  Hartrce'.s 
approach . In the final chap te r, the Q uan tum  A ction  Principle 
has been applied  to deve lop  QFiD to  the ex ten t necessary  for* 
an understand ing  o f  the L am b shift.
O ne o f  the m ajo r fea tu res o f  the book is the incorporation 
o f  a large num ber o f  p rob lem s, w'hich bo th  illu stra te  the basic 
p rinc ip les p resen ted  in the lectures and som etim es extend or 
genera lize  the.se p rinc ip les. In bo th  w ays, the con ten ts  o f  the 
p rob lem s are w ell in teg ra ted  in the  tex t and have becom e part 
o f  it. T h is has caused  a rich and  tight s truc tu re  o f  the logical 
a rgum ents. Let m e give one exam ple . In d iscu ssin g  the 
quantum  co rrec tion  to  the T hom as-F erm i energy , reference 
is m ade to  a p rob lem , w hich asks the T h o m as-F erm i energy 
to  be showm as a scm iclassica l lim it g iven  by  an integral in 
the c lassica l phase  space. H nough b ack g ro u n d  m aterial is 
g iven du ring  the fo rm u la tion  o f  the p rob lem  so that it 
b ecom es easily  unders tandab le . In the sam e section  wc find 
that the quan tum  co rrec tio n  to the scm ic lassica l phase  space 
in tegral fo r one d im ensional m o tion  has been  ea rlie r  given 
in the form  o f  a p rob lem . A th ree-d im en sio n a l generalization  
is then  used  for deriva tion  o f  th e  req u ired  resu lt. In some 
cases, ap p lica tion  o f  th e  fundam en ta l p rin c ip les  to  concrete 
physica l system s has been  illu stra ted  th ro u g h  th e  problem s. 
T he p ro b lem s w ere  all fo rm u la ted  by S chw inger h im se lf  
M ost o f  them  cam e w ith  h is lec tu re  no tes , th o u g h  som e have 
been recovered  by the ed ito r from  S chw inger's  research 
no tes at the U C L A  arch ive  a fte r h is death .
In conc lu s ion , it can  b e  said  th a t th is  is a  te x t on the 
fundam enta ls o f  quan tum  m echan ics  from  an advanced 
m athem atica l v iew po in t, co m p iled  from  the  n o te s  o f  a great 
sc ien tis t and  an  extraord inary ' teacher. T he lec tu res  start b)
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introducing th e  law s o f  m o tion  in the  quan tum  realm  from  
a system atic an a ly s is  o f  ex p erim en ta l p h en o m en a  using  a 
basically ind u c tiv e  ap p ro ach . N ex t, the law s have  been 
expressed in th e ir  fu ll p o w er and  genera lity . T h is  genera l 
fo rm u la tio n  has b een  ach iev ed  by  m o v in g  v ery  system atica lly  
and carefully  fro m  o n e  level o f  ab s trac tio n  to  the next. T he 
mathematics u sed  in th e  fo rm u la tio n  o f  these  abstrac tions 
and their ap p lic a tio n s  to  co n c re te  physica l s itua tions, has 
been discussed  in g rea t de ta il. T h is ap p ro ach  finds its 
culmination in the  tre a tm en t o f  th e  b a s ic s  o f  Q E D  in the  last 
chapter,
S S B hattacharyya  
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Jadavpur, Kolkata-700 032
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Although the v a rio u s  to p ic s  d ea lt w ith in the  p resen t bo o k  
are available in sep a ra te  vo lum es w ritten  by d iffe ren t au thors, 
there was a long  s tan d in g  need  to  p resen t th ese  to p ics  in a 
single, com pac t an d  a lm o st se lf-su ffic ien t vo lum e w ell-kn it 
m a system atic  seq u en ce  and  usefu l fo r se lf-s tudy  by the 
readers in te rested  in e le c tro n ic  sp ec tro sco p y . T he book  
rulfils this need  an d  th e  au th o r d o es  so  com p e ten tly  and  
fairly com p reh en siv e ly . In  th e  p ro cess , he has g iven  lucid  
treatment in an  eas ily  u n d e rs tan d ab le  sty le , the various 
topics o f  e le c tro n ic  sp ec tro sco p y  step  by  step  s ta rtin g  from  
the fundam en ta ls and  has in c lu d ed  so m e to p ics  cu lled  
patiently from  h is  ex p e rien ce  in te ac h in g  and  research . T he 
reviewer is p a rtic u la rly  h ap p y  to  find  ex ce llen t trea tm en t o f  
Frank-Condon p rin c ip le , an  im p o rtan t b u t o ften  neg lec ted  
topic. H ow ever, in th e  language  o f  th e  au tho r, no  a ttem p t has 
been m ade to  p re se n t a  co m p reh en siv e  co v erag e  o f  the 
enormous fie ld  o f  e le c tro n ic  sp ec tro sco p y  and  indeed , tha t 
'vould have  ad v e rse ly  a ffec ted  th e  v o lu m e o f  th e  b o o k  w hich 
bas a lready a tta in ed  a  very  la rg e  size . T hus, sp ec tro sco p y  o f  
not only 4 d  an d  5 d  g ro u p  ions b u t a lso  som e m in o r bu t 
‘nieresting tre a tm en t in  th e  case  o f  3 d  g ro u p  ions h av e  been  
excluded (e  g . th e  c o n c e p t o f  e ffec tiv e  P  s ta te  in th e  ligand 
field level p a tte rn , e ffec tiv e  o rb ita l L an d e  fac to r etc.).
A lthough th e  n am e  o f  th e  b o o k  sp ec ific a lly  re fe rs  to  
S o rp t io n  sp e c tro sc o p y , to p ic s  on  em issio n  have  a lso  b een  
included. T h e  b o o k  is b ro ad ly  d iv id ed  in to  tw o  parts . P art
I co ncen tra tes  on top ics needed  for abso rp tion  spectro scopy  
an d  P a rt 11 on em ission . In th is d iv ision , som e confusion  may 
arise  to  the beg inners, as for exam ple . X -ray  abso rp tion  
sp ec tro sco p y  has been  included  in the  ’E m ission’ Part o f  the 
book , the  reason  shou ld  have  been  c larified  to  the reader. 
Furt^ier, in the op in ion  o f  the rev iew er, chap te rs 1 and 2  o f  
P a rtf l dealing  w ith  th e  ’G enera l in troduction ' and 'A tom ic 
o rb i^ ls  and  states* shou ld  constitu te  a separa te  part w hich 
sho ii|d  be  ca lled  P a rt I and shou ld  not com e under e ither 
ab so fp lion  o r cmi.ssion. The.se tw o chap te rs form  the basis 
o f  a tom ic  sp ec tro sco p y  and  a re  co n sid ered  essen tia l fo r the 
beg inners. T he au th o r has very  successfu lly  p resen ted  them  
in an  easily  un d ers tan d ab le  m anner. T he rem ain ing  chap te rs 
(ch ap te rs  3 to  8 ) o f  Part I o f  the p resen t b ook  shou ld  form  
Part II and  m ay com e u nder 'Absorption*. T he  p art II o f  the 
p resen t bo o k  com ing  u nder 'E m ission ' should  then  be called  
P art III. M oreover, the rev iew er con sid ers  tha t an ou tline  o f  
the m ethod  o f  ca lcu la tion  o f  energ ies o f  L -S  te rm s in term s 
o f  C ou lom b  and exchange  in teg ra ls and  u ltim ate ly  in term s 
o f  C ondon  and  S hortley 's F  pa ram eters  shou ld  have  been 
inc luded  in the ch ap te r on  'A tom ic o rb ita ls  and slates'. N o  
doub t, th is  w ou ld  have  added  a few  m ore  pages but th is  
w ould  have  co n sid erab ly  sa tisfied  the logical and  inquisitive 
readers.
In part 1, the au thor's  d iligen t en d eav o u r to  d escrib e  in 
an easy  and  c lea r sty le, the  e lec tron ic  spec tra  o f  both  
ino rgan ic  com plexes and organ ic  m olecu les , th e ir a ss ignm en t 
and in tensity , and  th e ir o rig in  and  in te rp re ta tion  in te rm s o f  
ligand field  theory  o r m o lecu la r o rb ita l theo ry  o r  charge- 
tran sfe r p ro cess  as the case  m ay be, is h igh ly  com m endab le . 
F or the pu rpose , he has taken  ad eq u a te  care  to  eq u ip  the  
read e r w ith  th e  necessary  m athem atica l and  th eo re tica l 
b a c k g ro u n d  b e fo re  g o in g  to  th e  ac tu a l sp e c tro sc o p ic  
p rob lem s.
T he  rev iew er is a lso  h appy  to  find the  log ical bu t 
lucid  and  easily  und ers tan d ab le  p resen ta tio n  o f  P art II 
co m p ris in g  chap te rs  on L um inescence  (F lo re sce n ce  and 
P ho sp h o rescen ce ), o p tica l ro ta ry  d isp e rs io n  and  c ircu la r 
d ich ro ism , pho to e lec tro n  sp ec tro sco p y  and  b r ie f  rev iew  o f  
ad v an ced  to p ics  such as X A N E S  and  E X A F S  and  th e ir  
app lica tions. A  very  rem ark ab le  fea tu re  o f  th is  b o o k  is the 
inc lusion  o f  re fe ren ces and  som e re lev an t p ro b lem s (to  be  
so lved  by  the  read e rs) a t the  end  o f  each  ch ap te r. T he 
rev iew er w ou ld  have been  h ap p ie r i f  som e h in ts  w ere  g iven  
fo r the so lu tion  o f  d ifficu lt p ro b lem s and  an sw ers  w ere  
q u o ted  fo r m a th em atica l questions.
O n the  w ho le , th e  b o o k  has a  po sitiv e  im pac t on  all 
c lasses  o f  readers, s tuden ts , resea rch  w o rk ers  and  teach ers . 
P ost g radua te  and  re sea rch  s tu d en ts  w ill b e  h ig h ly  b en efited
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by the author's style of presentation and the teachers will find 
the book to be of great help as a ready reference to the large 
number of topics of diverse nature, both classical and 
modem, of electronic spectroscopy, rarely found in a single 
volume.
U S G hosh
Department of Solid State Physics, 
Indian Association for the Cultivation of Science, 
Jadavpur, Kolkata-700 032
Computer, internet and Multimedia Dictionary
by Surendra Verma
Universities Press (India) Limited . Hyderabad, India (1998)
viii + 228 pages, tables, illustrations, price : Rs 130 00 (Soft cover),
ISBN 81-7371.091-0
Computer, Internet and Multimedia Dictionaiy is a must for 
every computer user. It is equally useful for students, 
computer professionals as well as users who are novice to
computer system. Everyday we are facing new computer 
jargons and it is practically impossible to be acquainted with 
all those new terms by consulting authentic text books. Now 
this book will certainly satisfy this need. The book is more 
than a traditional dictionaiy and explained in details many 
intrigues of computer, telecommunication and digital 
electronics related terms with sketches and diagrams whenever 
required. The sense of humor of author (when a computer 
catches cold etc.) added some sugar and spice to make it 
lucid. I could not find some of the popular terms (NIS, NFS, 
HUB, Network Switch, DNS, ISP, LINUX, Perl, Masquerade, 
netizen, ssh, UTP cable etc.) in the book. This type of book 
mainly on a constantly changing field needs regular updating 
and 1 hope we will get the updated version with wide 
coverage in near future.
SWAPAN D eOGHURIA
Computer Center, 
Indian Association for the Cultivation of Science 
Jadavpur, Kolkata-700 0.12
